The purpose of this review is to evaluate the role of chronic anemia on neuropsychiatric symptoms and conditions among the elderly. Anemia is defined as hemoglobin levels below 120 and 130 g/L for women and men, respectively. Anemia is not a consequence of the aging process. It is common in the elderly and easily overlooked. Nevertheless, chronic anemia is a risk factor associated with increased mortality, several geriatric syndromes including functional and cognitive impairments. Investigations have shown that anemic elderly and those with hemoglobin borderline levels may present higher proportion of neuropsychiatric impairment, such as Executive Function Disorder and Alzheimer disease. The association between anemia and depression is well established, but its causal pathway is not known: anemia can be regarded as cause or consequence of depression. There is evidence that dementia due to anemia can be prevented; renal chronic anemic patients who received erythropoietin (EPO) replacement therapy showed a lower risk for dementia, compared to those who did not receive it. Anemia may be associated with chronic psychiatric diseases such as bipolar disorders and cause their symptoms to become more severe.
Introduction
The World Health Organization criteria define anemia as hemoglobin levels below 120 and 130 g/L for women and men respectively. It is the most frequently used in scientific articles, although not universally accepted [1] . Several investigations have shown that elderly patients with anemia, including those with borderline hemoglobin levels, have higher rates of neuropsychiatric symptoms [2] - [7] .
Approximately one third of anemia cases can be associated with nutritional deficiencies; another third with chronic inflammation and kidney diseases and the last third do not show association to specific etiologies [3] [4] [5] .
Anemia prevalence increases with age, particularly in those aged 85 and over.
Recent investigations report higher prevalence of anemia in this age group, 2 to 3 times higher when compared to people into 64 to 69 year age group. However, anemia prevalence may vary among population groups, e.g., elderly living in the community, or in nursing homes, or seen at outpatient clinics or hospitalized.
The healthy status may be a plausible explanation for the observed difference.
Among those living in the community, it is estimated that 1 out of 7 -8 elderly have anemia; in nursing homes and hospitals, the ratio increases to 1 out of 2 old
Even though anemia is not considered a consequence of the aging process, it is commonly reported in the elderly and frequently not treated. However, chronic anemia is a risk factor associated to increased mortality, functional and cognitive impairment, several geriatric syndromes as dementia, delirium, depression and falls [7] [8] [9] [10].
The purpose of this review is to evaluate the implication of chronic anemia in the elderly on neuropsychiatric symptoms and conditions.
Methodology
The research on biomedical literature over the last 15 years, from PubMed and Lilacs databases showed articles associating chronic anemia and neuropsychiatric symptoms. Inclusion criteria were articles published in English, Spanish or Portuguese on people aged 65 and over, animal studies were not included. Nine articles meeting inclusion criteria were identified.
Acute and Chronic Anemia
Anemia may be classified as acute or chronic according to its signs and symptoms, which varies with the disease course [2] [3].
In acute conditions, blood volume is more important than hemoglobin level; a 10% decrease in total volume is well tolerated. Decreases between 10% and 20% are frequently associated to postural hypotension, dizziness and fainting. Tachycardia, cold extremities, paleness of the skin and hypotension are commonly reported in blood losses higher than 20%. A decrease higher than 30%, if not immediately replaced, can lead to fatal shock.
In chronic anemia, a decrease in blood volume is not observed, once there is an increase in plasma levels. Low hemoglobin count together with reduced red blood cell mass is responsible for the oxygen depletion in the organism. The main systems and organs affected are the Central Nervous System, heart, and muscles, due to their higher oxygen uptake. The perception of signs and symptoms by the elderly is not as intense as those reported by younger patients. This fact may be the key element in anemia persistence among this population.
Chronic non-treated anemia may lead to depression, cognitive impairment and an exacerbation of pre-existing psychiatric conditions.
Anemia, Cognition and Dementia
In a cohort study including 1435 community elderly (Women Health and Aging Study-WHAS II), age 75 -95 years, revealed an independent association between anemia and an increase in risk of dementia diagnosis. Mild anemia was also associated with cognitive impairment, especially those linked to executive functions. Executive functions include task planning and problem solving. It should be pointed out that it may occur in elderly without dementia; they can precede deficits in other cognitive function domains, acting as a risk factor for the decline or inability to perform the activities of daily living [11] [12] .
The dementia risk is greater in the presence of anemia, as evidenced in another cohort investigation. Anemic elderly without cognitive impairment were found to have a higher probability to develop dementia in the next five years, compared to non-anemic same age participants. The same association was observed in the Established Population for Epidemiological Studies of the Elderly-EPESE [13] [14].
Mild anemia (10 -12 g/dl) was associated with a decline in executive function.
Elderly women (364) aged 70 -80 years, active and living in the community, with mild anemia, had a four-time worse performance in executive functions than non-anemic control group. It was also observed, that non-anemic with hemoglobin levels close to the lower normal limit may present cognitive impairment and Alzheimer disease [12] [13] [15] .
In order to investigate the role of lower hemoglobin levels in the development of common neurologic diseases associated with aging and cognitive decline, 113 elderly people living in the community had their lives examined until they passed away. The results, categorized according to the criteria age at death, gender and education level, showed that lower hemoglobin levels were associated with chronic macroscopic infarction but not to other neurologic diseases [16] .
There is evidence that dementia due to anemia can be prevented; renal chronic anemic patients who received erythropoietin (EPO) replacement as therapy, showed a lower risk for dementia, compared to those who did not received it [17] .
Presently, there are few pathways to explain the correlation between the increase of anemia prevalence and aging. In the aging process, there is an augment in EPO demand. Healthy elderly, who have higher EPO levels, are more apt to challenge the aging process; those who have EPO production diminished may develop anemia. Aging is also linked to an increase in the expression of inflammatory cytokines, which can inhibit EPO activity or production. Elderly presenting genetic cytokine polymorphisms can develop anemia due to an increased hepcidin expression or red blood cell colonies suppression [17] .
Anemia, Depression and Other Psychiatric Disorders
The association between anemia and depression is well established, but causal pathway is not known: it can be regarded as cause or consequence of depression. Anemia can be the cause of depression as a result of vitamin deficiency (folic acid and B12), leading to a decreased S-adenine-methionine or to an increase of homocysteine production. S-adenine-methionine participates in neurotransmitter synthesis, including especially serotonin (5HT), dopamine (DA), and noradrenaline (NA). The synthesis of methionine from homocysteine requires a supply of methyl groups from methyl folate, and vitamin B12 as a cofactor. Thus functional deficiency of either vitamin can lead in raised concentrations of homocysteine. Methionine is the immediate precursor of S-adenosylmethionine, the methyl donor in numerous methylation reactions in the brain. Homocysteine accumulation can affect central nervous system receptors. It is toxic to neurons and blood vessels and can induce DNA strand breakage, oxidative stress, and apoptosis [18] . Notwithstanding, depression may have an important role in anemia development. Depression symptoms as fatigue and lack of interest in daily activities can affect the elderly food intake quality, leading to the development of anemia. A recent investigation reported this association after controlling for vitamin B12 deficiency and presence of co-morbidities. In another investigation, anemic patients with deficiency in vitamin B6 and folic acid showed depression symptoms [19] [20] .
Anemia may be associated with several chronic psychiatric disorders; it has been diagnosed in 22%, 25% and 24% of patients with depression, bipolar and conversion disorders, respectively. The severity of these conditions is exacerbated by anemia. If not treated, it can lead to exacerbated exhaustion, fatigue and cognitive impairment [19] [20].
Final Considerations
Elderly population is currently increasing, especially those 80 and over, with a concomitant increase in depression, dementia and cognitive impairment risk. If anemia is truly associated with those conditions, treatment should be given, either to anemic patients or to those with borderline hemoglobin level. As hemoglobin level measure is routinely carried out for a vast majority of those seeking medical care, then anemia can be used as a flag to identify elderly at high risk to present neuropsychiatric disorders.
More investigations are needed to evaluate the impact of anemia and its treatment in dementia and cognitive impairment. Large cohort studies and trials using more specific hemoglobin level definition and cognitive function evaluation should be conducted. Benefits and risks of anemia treatment and its impact on elderly neuropsychiatric disorders should be better established.
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